In this chapter, two methods of analysis of compressive strength of laminated composites are compared, assuming that the composite structure is still in a pre-buckling state: the continuum approach and the piecewise-homogeneous medium model. Based on the results obtained within the scope of the model of a piecewise-homogeneous medium and the three-dimensional stability theory, the accuracy of the continuum theory is examined for incompressible non-linear materials undergoing large deformations in equi-biaxial compression. Estimation of the accuracy of the continuum theory is illustrated by numerical results for the particular model of hyperelastic layers described by the elastic potential of the neo-Hookean type (Treloar's potential). The influence of the layers' thickness and their stiffness on the accuracy of the continuum theory is determined.
Introduction
The compressive strength of currently used carbon fiber reinforced plastics is generally 30-40% lower than the tensile strength due to fiber microbuckling [1] , thus it is recognized that the compressive strength is often a design-limiting consideration. It should be underlined that zones of compressive stresses can appear in composite structures even under tensile loads. They could be due to the presence of holes, cut-outs and cracks, or generated by impact. Previous experimental studies [1] [2] [3] [4] [5] [6] have revealed that a possible mechanism of failure initiation is fiber or layer microinstability (microbuckling) that may usually occur in regions where high stress gradients exist, for instance, on the edge of a hole or near free edges [7, 8] . A better understanding of the compression failure mechanisms, specific only to heterogeneous materials, is therefore crucial to the development of improved composite materials. The task of deriving three-dimensional (3-D) analytical solutions to describe the compressive response is considered as one of great importance. Such solutions, if obtained, enable us to analyze the behavior of a structure on the wide range of material properties, and kinematic and loading boundary conditions, without the restrictions imposed by simplified approximate methods. This chapter focuses on the behavior of laminated composite materials undergoing compression. The moment of stability loss in the microstructure of the material -internal instability according to Biot [9] -is treated as the onset of the fracture process. This assumption was suggested for the first time by Dow and Grunfest [2] and later used in numerous publications on the subject, see the reviews [1, 4, [10] [11] [12] [13] .
In this work, two different methods of analysis are investigated: the continuum theory and the piecewise-homogeneous medium model. Both methods employ the equations of the 3-D stability theory expounded, for instance, in [14] . The use of 3-D stability theory places the methods into the category of "exact" approaches, as opposed to approximate models based on certain simplifications when describing the stress-strain state ( fig. 1 ).
Generally speaking, in mechanics of heterogeneous (piecewise-homogeneous) media, there are two major distinctive approaches to describe the behavior of solids ( fig. 2) . One of them is based on the model of piecewise-homogeneous medium ( fig. 2(a) ), when the behavior of each material constituent is described by 3-D equations of solid mechanics provided certain boundary conditions are satisfied at the interfaces. This approach enables to investigate phenomena occurring in the internal structure of solids (e.g. in the composite microstructure) in the most rigorous way. However, due to its complexity the method is restricted to a small group of problems. The other approach, or continuum theory ( fig. 2(b) ), involves significant simplifications. Within the continuum theory, the composite is simulated by a homogeneous anisotropic material with effective constants, by means of which physical properties of the original material, shape and volume fraction of the constituents are taken into account. The continuum theory may be applied when the scale of the investigated phenomena (for example, the wavelength of the mode of stability loss l) is considerably larger than the scale of material internal structure (say, the layer thickness h), i.e.
The approach based on the model of the piecewise homogeneous medium is free from such restrictions and is, therefore, the most accurate one.
The continuum theory, due to its simplicity, is widely used to characterize the mechanical behavior of composites, but questions on its accuracy and domain of applicability always arise. The answer may be given only by comparing the results obtained from the continuum theory to the most accurate approach, i.e. the piecewise-homogeneous medium model. The latter imposes no restrictions on the scale of investigated phenomena and therefore has a much larger domain of applicability. The results obtained within the continuum theory must follow from those derived using the model of a piecewise-homogeneous medium if the ratio between the scale of structure and the scale of phenomenon tends to zero, i.e. when
If this is the case, the continuum theory can be regarded as an asymptotically accurate one. As applied to the internal instability of fibrous or laminated composites, the exact approach was utilized for the first time in [15] (the continuum theory) and in [16] (the model of a piecewisehomogeneous medium).
Except the exact approaches to the considered problem, which are based on the 3-D stability theory, there are also approximate models proposed by Rosen [3] and by many other authors, see for example [17, 18] . The detailed reviews of the later approximate models are given in [1, 6, 11, 12, 19] . However, the approximate approaches proved to be not worth applying ( fig. 1 ). This and the application of kink-band model are discussed in some detail in Section 2.
The present work examines the continuum theory [4, 14, 15] applied to predict the critical instability load/strain of a laminated incompressible non-linear composite material undergoing finite (large) deformations under equi-biaxial loading. The study focuses on how accurate the continuum (homogenized) model describes the internal instability in comparison with the most accurate approach, i.e. the piecewise-homogeneous medium model ( fig. 1) . It estimates the critical strain of layered materials undergoing finite deformations. Special attention is paid to the estimation of the continuum theory accuracy for the particular laminated composites consisting of hyperelastic materials, taking into account the influence of geometrical and mechanical properties of the individual layers.
In the past, investigations of the continuum theory accuracy in relation to the model of piecewise-homogeneous medium were performed only for other physical phenomena (for example, for the problems of wave propagation by Rytov [20] and Brekhovskih [21] ) or for other models of layers and other loading conditions in [22] [23] [24] [25] [26] [27] . Besides that, validation of the Cosseratcontinuum approach to buckling of linear elastic medium was considered in [28, 29] , where only numerical solutions by the "transfer matrix technique" for particular layered media were used. However, there are not yet such investigations for the problem of internal instability in incompressible composites.
This chapter attempts to fill the gap. Section 2 of the chapter is devoted to solving the problem with the most accurate approach and to the analysis of the approximate models. Section 3 presents the asymptotic analysis of the obtained solutions, which leads to the transition to the continuum theory. Section 4 gives an example of estimation of the continuum theory accuracy for the particular models of hyperelastic non-linear layers. Part of the analysis is based on the previous works by the authors [23, 26] and on the general approaches developed in [4, [30] [31] [32] , so the equations derived earlier are presented only for the clarification purposes without much detail.
The model of a piecewise-homogeneous medium

"Exact" approach and approximate models
As mentioned in the Introduction, the most accurate ("exact") approach to studying the internal instability is based on the piecewise-homogeneous medium model, when the behavior of each component of the material is described by the 3-D equations of solid mechanics provided certain boundary conditions are satisfied at the interfaces. This approach which enables us to investigate in the most rigorous way any phenomena occurring in the composite microstructure is implemented in this section.
Probably the first solutions to the problem of internal instability for a layered material obtained within the most accurate (exact) approach were reported in [16, 33, 34] , where the problem for linear-elastic layers under uniaxial compression was solved. This solution was included in numerous books, for example, [4] , and comprehensive reviews on the topic [10, 13] . This problem seems to have remained topical for more than thirty years and is still being "re-examined". A recent paper by Parnes and Chiskis [35] reports the solution (by a very approximate method, based on modeling rigid layers as 2-D beams embedded in the matrix) of precisely the same problem that was solved more than thirty(!) years ago in [16, 33, 34] within the exact approach.
Later the exact solutions were derived also for more complex problems: for orthotropic, nonlinear elastic and elastic-plastic, compressible and incompressible layers including the case of large (finite) deformations -see, for example, [4, 14, 36, 37] and the reviews [10, 13] . These publications contain many examples of the calculation of critical stresses/strains for particular composites as well as analyzes of different buckling modes.
The importance and the complexity of the considered phenomena produced a large number of publications which put forward various approximate methods aimed at tackling the problems with different levels of accuracy -see, for example, [3, 17, 18] and the reviews [1, 6, [10] [11] [12] 19] . It was concluded after the detailed analyzes [4, 6, 10, 14] that the approximate methods are not very accurate when compared to experimental measurements and observations. For instance, the Rosen model [3] involves considerable simplifications, modeling the reinforcement layers by the thin beam theory and the matrix as an elastic material using one-dimensional stress analysis. It makes the results of this method inaccurate even for simple cases. It was shown in [4, 10, 24, 27 ] that the approximate model can give a significant discrepancy in comparison with the exact approach and with experimental data even for the simplest case of a composite with linear elastic compressible layers undergoing small pre-critical deformations and considered within the scope of geometrically linear theory. For small fiber volume fractions the approximate approach gives physically unrealistic critical strains. It does not describe the phenomenon under consideration even on the qualitative level, since it predicts a different mode of stability loss from that obtained by the 3-D exact analysis. Figure 3 gives an example of the critical strain plotted against the fiber volume fraction (logarithmic scale) for the extension mode (the 2nd mode) calculated using the exact solution and the Rosen model. The plot was taken from [4] for the case of composite consisting of two alternating linear-elastic compressible layers. Lines 1, 2, and 3 in the plot correspond to the ratios of Young's modulus of the fibers to the shear modulus of the matrix equal 50, 100 and 200, respectively; the Poisson ratios for both layers were always 0.25.
For more complex models, which take into account large deformations and geometrical and physical non-linearity (e.g. those considered in this chapter), the approximate theories are definitely inapplicable and one can expect even a bigger difference between the exact and approximate approaches. The exact approach presented in this chapter allows us to take into account large deformations, geometrical and physical non-linearities and load biaxiality that the simplified methods cannot consider.
Another approach, which is commonly utilized, is based on the investigation of fiber kinking. From the literature on compressive fracture it is easy to get the impression that fiber instability (microbuckling) and kinking are competing mechanisms. In fact, a kink band is an outcome of www.witpress.com, ISSN 1755-8336 (on-line) the microbuckling failure of actual fibers, as observed experimentally in [5] . Fiber microbuckling occurs first, followed by propagation of this local damage to form a kink band. A comprehensive comparative analysis of the Rosen model, Argon-Budiansky (kinking) model, and Batdorf-Ko model was presented in [6] . Studies of the kinking phenomenon were also reviewed in [1, 11, 38] . It was shown [6] that the existing kinking analyzes are able to account for some, but not all, of the experimental observations. They correctly predict that shear strength and fiber imperfections are important parameters affecting the compressive strength of the composite. However, within this model it is not possible to say exactly how the strength will vary with fiber content; and the value of misalignment is chosen arbitrarily. This model requires knowledge of the shear strength properties, the initial fiber misalignment and, the most importantly, the kink-band orientation angle which is a post-failure geometric parameter.
All works mentioned above considered perfectly bonded layers only. Moreover, the approaches based on the Rosen model and kink-band model cannot be altogether applied in the case of large pre-critical deformations.
Problem statement for incompressible composites undergoing large deformations
Let us consider the statement of the static non-axisymmetrical problem of stability for layered composites. Special attention will be paid to accounting for large deformations and the biaxiality of compressive loads. The composite consists of alternating layers with thicknesses 2h r and 2h m ( fig. 4 ), which are simulated by incompressible non-linear elastic transversally isotropic solids with a general form of the constitutive equations. Henceforth all values referred to these layers will be labelled by indices r (reinforcement) and m (matrix). The values of displacement, stress and strain corresponding to the precritical state will be marked by the superscript '0' to distinguish them from perturbations of the same values (u 0 i and u i , ε 0 ij and ε ij , S 0 ij and S ij , respectively). Suppose also that the material is undergoing equi-biaxial compression in the plane of the layers by static "dead" loads applied at infinity in such a manner that equal deformations along all layers are provided.
Within the scope of the most accurate approach -i.e. using the piecewise-homogeneous medium model and the equations of the 3-D stability theory [14] -the following eigen-value problem is solved. The axial displacement, u 0 i , and strain, ε 0 ij , (in terms of the elongation/shortening factor Figure 4 : The co-ordinate system with applied loads (equi-biaxial compression). 
The equations of stability for the individual incompressible layers are [14] ∂ ∂x i t r ij = 0,
The non-symmetrical stress tensor t ij is referred to the unit area of the relevant surface elements in the undeformed state, which is the reference configuration. This is the non-symmetrical PiolaKirchhoff stress tensor or nominal stress tensor using the terminology of Hill [39] . Further we shall consider also the symmetrical stress tensor S ij which reduces to σ ij for the case of small precritical deformations. For incompressible solids, stresses are related to displacements by (p is hydrostatic pressure)
The incompressibility condition has the following form:
The components of the tensor κ ijαβ depend on the material properties and on the loads (i.e. on the precritical state). The quantity characterizing the precritical state, i.e. the stress S 0 ij , the strain ε 0 ij or the elongation/shortening factor λ j , is the parameter in respect to which the eigen-value problem is solved. In the most general case [14] 
The particular expressions for κ ijαβ can be obtained for various kinds of constitutive equations. For example, for general elastic solids
For hyperelastic solids, if is the strain energy density function (elastic potential), then 
Characteristic determinants
The exact solutions of the above-stated 3-D non-axisymmetrical problems of internal instability for incompressible non-linear elastic layers were found in [36] . The characteristic determinants were derived for the case of biaxial compression as applied to four modes of stability loss. Note that the plane problem (uniaxial compression) for such materials was studied in [10, 13, 34] .
Solutions of eqns (4) (i.e. perturbations of stresses and displacements) can be expressed through the functions X and which, in their turn, are the solutions of the following eqns [14] 1 + ξ 1331 .
The parameters ξ r j and ξ m j , which are given by eqns (13) depend on the components of the tensor κ ijαβ and, therefore, on the properties of the layers and on the loads. It was proved [36] that ξ r 2 j and ξ m 2 j are always real and positive. Before proceeding with the construction of solutions for four modes of stability loss (figs 5-8) we introduce the notations, which will be useful later
Here l i is the half-wavelength of the modes of stability loss along the OX i axis, and α is the normalized wavelength. 
-for the 2nd mode ( fig. 6 )
-for the 3rd mode ( fig. 7 ) -for the 4th mode ( fig. 8 )
The components of t ij and u i can be expressed [14] through the potentials X and . Substituting them into the boundary conditions (eqns (11)), which due to the periodicity of both, the material and the solution, are to be satisfied on one interface only, we get the (6×6) characteristic determinant. This determinant can be analytically reduced to the (4×4) determinant det β rs =
The elements of the determinant are given below:
-for the 1st mode of stability loss ( fig. 5 ) Similarly, the characteristic equations can be derived for the case of uniaxial compression or other modes of stability loss. The proposed method can also give the solutions for modes with periods, which are equal to 3, 4, 5, . . . periods of the internal structure. However, based on the experience of solving similar problems for other properties of layers for the case of small deformations [4, 10, 13, 24, 25, 27] and the plane problems [26] , the modes with the larger periods are not of practical interest. Other modes with periods, which are not multiples of the period of the internal structure, can also be examined. The solution for them would be based either on the Floquet theorem for ordinary differential equations with periodic coefficients [40] , or on reducing the problem to an infinite set of equations with the consequent solution by a numerical method [41] .
Asymptotic analysis
The long-wave approximations (transition to the continuum theory)
In this section the asymptotic analysis of the solutions obtained in the previous section by the most accurate ("exact") approach will be performed. For this purpose we apply the condition of applicability of the continuum theory (eqn (1)). Then the limits are calculated analytically under the condition given by eqn (2) . Under this condition, eqns (14) yield
and, therefore,
As a result of applying eqns (24) , the "long-wave" approximation can be obtained. The term "long-wave" refers to the half-wavelength of the modes of stability loss along the OX i axis -l i from eqns (14) (see figs [5] [6] [7] [8] . Indeed, if α r → 0 and α m → 0 then l i → ∞.
Substitution of eqns (25) into eqn (19) gives the characteristic determinant in the long-wave approximation. After a number of rearrangements, the characteristic equations for the considered modes of stability loss are reduced to the following form:
-for the 1st mode ( fig. 5 ), from eqns (19) , (20), (25), 
-for the 2nd mode ( fig. 6 ), from eqns (19) , (21), (25), -for the 3rd mode ( fig. 7) , from eqns (19) , (22), (25),
-for the 4th mode ( fig. 8) , from eqns (19), (23), (25),
Analysis of the equations for different modes of stability loss
Let us examine the characteristic equations, eqns (26)- (29), which after the limit transition correspond to the continuum theory. It was shown [36] that for the considered models of layers the parameters (ξ r j ) 2 and (ξ m j ) 2 , which depend on the components of tensor κ ijαβ , eqns (14) , and therefore on the properties of layers and the applied loads, are always real and positive, i.e.
In addition to eqns (30) , the inequalities
always hold for any material, which was proved in [36] .Also, it is obvious, that the solutions, which correspond to the considered phenomenon of internal instability, must depend on the properties of both alternating layers, i.e. on the ratio h r /h m . Taking into account eqns (30) and (31) one can check that eqns (27)- (29), which correspond to the 2nd, 3rd and 4th modes of stability loss, respectively, do not have such solutions and, therefore, do not describe the internal instability in the long-wave approximation. It also means that modes of stability loss, other than the 1st mode, cannot be described by the continuum theory. Of course, the equations for these modes might have roots within the most accurate approach, i.e. within the model of piecewise-homogeneous medium (eqn (19) ). The example of the 2nd mode having roots will be given later in fig. 9 . Equation (26) , which corresponds to the 1st mode of stability loss, generally speaking, may have roots related to the internal instability of the considered materials. This needs a more detailed investigation, which is the next task. For the further analysis, the components of tensor κ ijαβ can be expressed [14] as Substituting eqns (32) into the characteristic equation for the 1st mode (eqn (26)), we derive
In order to analyze eqn (33), the effective values of stresses and of quantity µ 13 , denoted respectively as S 0 11 and µ 13 , will be utilized. At the moment of material stability loss, they can be calculated by the well-known formulae as
where V * r and V * m are the volume fractions of the components in the deformed state. Due to the kind of applied loads ( fig. 4 ) the volume fractions of the components in the non-deformed (V r , V m ) and the deformed states (V * r , V * m ) are equal for the same components. Indeed, taking account of eqn (3) we have
Let us denote the theoretical strength limit as ( − 1 ) T . Substituting eqns (34) and (35) into eqn (33) , after some rearrangement, we get
This coincides with the results derived within the scope of the continuum theory [14] as applied to non-linear incompressible laminated composites undergoing large deformations. Typical critical values of λ 1 are presented in the next section for the neo-Hookean materials.
It should be noted that within the scope of the continuum theory, eqn (36) gives the theoretical strength limit for non-linear elastic incompressible composites as a function of µ 13 , i.e. the effective value of quantity µ 13 , which is related to the material properties by eqn (34). This theoretical strength limit is written for the general form of constitutive equations for layers. If one needs a concrete expression for the particular layer properties, it can be determined using the formulae for µ r 13 and µ m 13 presented in [4, 14] . For example, for the case of all linear elastic isotropic compressible layers considered within a plane problem
where G 12 is the effective shear modulus of the laminated composite. Thus, it is rigorously proved for laminated non-linear elastic composites undergoing large deformations in equi-biaxial compression that the results of the continuum theory follow as a long-wave approximation from those for the 1st mode of stability loss obtained using the model of piecewise-homogeneous medium. Therefore, the asymptotic accuracy of the continuum theory for such composites is established.
It should be underlined that the analytical 3-D analysis developed in the present subsection can be applied not only to laminated composites but to any piecewise-homogeneous layered system with similar constituent properties undergoing equi-biaxial compression.
Accuracy of the continuum theory for hyperelastic non-linear materials with a neo-Hookean potential
Based on the analysis of the previous section, the accuracy of the continuum theory can be calculated for particular models of the layers. First, values of critical loads/strains are calculated within the scope of the most accurate ("exact") approach (the piecewise-homogeneous medium model ( fig. 1) ). Then comparing these critical values with the results of the continuum theory, the accuracy of the latter can be estimated for the particular laminated composites and the conclusions about using this theory can be properly made.
Treloar's potential
In this section, the accuracy of the continuum theory is considered for a composite consisting of alternating non-linear elastic isotropic incompressible layers with different properties (fig. 4) .
Suppose that the materials of these layers are hyperelastic (eqns (10) ) and the simplified version of the Mooney's potential, namely the so-called neo-Hookean potential, may be chosen for their description in the following form
where is the strain energy density function (elastic potential), C 10 is a material constant, and I 1 (ε) is the first algebraic invariant of the Cauchy-Green strain tensor. This potential is also called the Treloar's potential, after the author who obtained it from an analysis of a model for rubber regarded as a macromolecular network structure made of very long and flexible interlinking chains [42, 43] . It should be noted here that for the transition to the classical linear theory of elasticity under small deformations, we can put in eqns (38)
Taking into account the type of applied loads ( fig. 4) , we have
From the condition of incompressibility (eqn (6)), we derive
Then for the case of equi-biaxial compression, the components of the tensor κ ijαβ for this model are expressed, according to eqns (3), (6) , (7), (10), (38) , (40), ( (13) and (42) , that
Results and discussion
Substitution of eqns (42) and (43) into eqns (26)- (29) yields the long-wave approximation (i.e. the asymptotic under the condition α r → 0) for the characteristic equations for the considered materials of the layers. As it was proved in Section 3.2, the solution of eqn (26) will correspond to the result of the continuum theory.
On the other hand, substituting eqns (42) and (43) into the characteristic equation, eqn (19) , derived for the particular mode of stability loss within the most accurate approach ( fig. 1) -for the 1st mode ( fig. 5 ), from eqns (19) , (20) , (42) and (43) 
-for the 2nd mode ( fig. 6 ), from eqns (19) , (21), (42) and (43),
-for the 3rd mode ( fig. 7) , from eqns (19) , (22), (42) and (43), 
-for the 4th mode ( fig. 8 ), from eqns (19) , (23), (42) and (43),
The shortening factor, λ 1 , is related to the value of strain, ε 0 11 , by eqn (1). As a result of solving the characteristic equations for different modes of stability loss, the dependences λ The examples of the dependences are given in fig. 9 for all four modes of stability loss. The critical value for the particular mode, λ (N ) cr , can be found as a maximum of the corresponding curve.
The maximum of these N values will be the critical shortening factor of the internal instability for the considered laminated material determined by the most accurate approach, λ cr ,
The typical values of λ cr are given in table 1 for various material properties of the layers and the layer thickness ratios. In the same time, according to Section 3.2, the shortening factor λ (1) 1 (α r ) calculated for the 1st mode, corresponds to that of the continuum theory, λ c.t. , when α r → 0. Therefore, the accuracy of the continuum theory (i.e. the ratio of the results obtained in the context of the most accurate approach and the continuum theory expressed in percentage) will be
The values of are presented in figs 10-13 as functions of the ratio of the material constants, C r 10 /C m 10 . The results for equi-biaxial compression (figs 10 and 11) are given in comparison with uniaxial compression (figs 12 and 13). The latter case was considered in detail in [22, 23, [25] [26] [27] for various models of the layers. All results in the present chapter, which correspond to uniaxial compression, are calculated following [26] . It should be noted that for plotting each point of the curves, the plots, similar to those in fig. 9 , are to be calculated and analyzed.
One can see that the ratio of the material constants affects very much the accuracy of the continuum theory. The dependences in figs 10-13 have a strongly non-monotonous and nonlinear character proving the importance of taking into account the material non-linearity. The volume fraction of layers has much stronger impact on the implementation of the continuum theory than any other physical or geometrical property of the composite. The increase in the volume fraction of the stiffer layer makes the continuum theory more accurate -the larger the layer thickness ratio h r /h m , the higher is the value of . The type of loading (i.e. equi-biaxial or uniaxial compression) affects the accuracy of the continuum theory, making it lower for the case of uniaxial compression. Of course, the actual magnitude of the critical loads for stability loss will also depend on the type of loading, being in the case of biaxial compression smaller than in the case of uniaxial compression. This is not surprising, since under equi-biaxial compression the composite experiences higher overall loads than in the case of uniaxial compression of the same intensity; and the internal instability will occur at lower strains (or higher shortening factors).
Conclusions
The asymptotic accuracy of the continuum theory of compressive fracture was established for composites consisting of incompressible non-linear elastic transversally isotropic layers undergoing finite (large) deformations in equi-biaxial compression. It was rigorously proved, that the results of the continuum theory follow as a long-wave approximation from those for the 1st mode of stability loss obtained using the piecewise-homogeneous medium model. It was also shown that modes of stability loss, other than the 1st mode, cannot be described by the continuum theory.
Estimation of accuracy of the continuum theory was obtained by comparing the results of the continuum theory with the values of critical loads calculated within the scope of the most accurate approach (the piecewise-homogeneous medium model). Special attention was given to www.witpress.com, ISSN 1755-8336 (on-line) the calculation of the continuum theory accuracy for composites when the layers are assumed to be hyperelastic and are described by the simplified version of Mooney's potential, namely by the neo-Hookean potential. The influence of the properties of the layers and their thickness ratio on the accuracy of the continuum theory was determined.
It should be underlined that the analytical 3-D approach developed in the present chapter has a much wider range of application. It can be applied not only to laminated composites, but also to any piecewise-homogeneous layered system undergoing biaxial or uniaxial compression (e.g., layered rocks). Following the general approach described above the accuracy of the continuum theory as applied to composites with other properties of layers or other kinds of loads can also be investigated.
